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Abstract 
Problem Based Learning (PBL) is a powerful tool for engineering design education. On the other hand, STEM 
education at pre-college levels is important, particularly for engineering education, to increase and maintain a 
nation’s industrial competitiveness. In this paper, virtual PBL in Second Life was carried out for third graders 
(18 year old students) in some national colleges of technology, Japan. At the beginning of the class, teachers 
proposed an ill-structured problem for students to solve, like one in real life. The problem was “design your 
own eco-cars through virtual discussion and make them by prim virtually”. Students as avatars discussed the 
problem in Second Life using microphones. They designed their own eco-cars using pens and tablets and made 
virtual cars with prims. After the project was completed, they evaluated their work by offline questionnaires 
and online talks in the virtual world. All of the results were examined from the viewpoints of the effectiveness 
for engineering design and STEM education. 
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1. Introduction 
     Problem Based Learning (PBL)[1] is a powerful educational tool for engineering education. It provides 
youngsters many possibilities to solve engineering problems as a team. At the same time, it enhances the 
engineering skill to design the way for problem solving positively. Basically, engineering should be the design 
to solve problems. Therefore, PBL is the powerful tool to improve engineering design skills  which are 
essential to engineering. Youngsters particularly in Japan seldom have the opportunity to learn or to touch the 
concept of engineering at elementary and secondary education levels. They start to learn it at last, when they 
enter higher education organizations such as universities, technical colleges etc. However, early education for 
engineering at pre-college levels is required nowadays to maintain and increase our nation’s industrial 
competitiveness.  It stands for Science, Technology, Engineering and Mathematics. STEM education means 
science-related disciplines composed of science, technology, engineering and mathematics. Japanese students 
could learn the three subjects except for engineering at pre-college levels.  However, only engineering has been 
one of the unknown subjects at the early levels.  As described above, the learning opportunity of engineering 
education at early levels (Pre-college level) is the most important for engineering education and STEM 
education must play an important role to achieve this purpose.  In this paper, the authors focused on PBL and 
the following engineering design with manufacturing in virtual space. The students joining this project were 
third graders (18 years old) in Kosen (National Colleges of Technology, Japan). Japanese colleges of Kosen are 
composed of students at college level and pre-college one. Third graders are at the boarder between the two 
categories. Therefore, this project was considered as a sort of STEM education. Youngsters tend to be excited 
with the social networking. And in addition to that, all colleges to which the students belong are located far 
apart geographically. Therefore, the introduction of e-learning has positive double meanings to achieve our 
original educational purposes for students’ enthusiasm and distance learning. Students from different colleges 
gathered around on the virtual island, owned by Nagaoka University of Technology, and pursued the PBL 
project with virtual manufacturing for several weeks. The project results were discussed from the combined  
The US has a buzzword called “STEM”[2].  It stands for Science, Technology, Engineering and Mathematics. 
STEM education means science-related disciplines composed of science, technology, engineering and 
mathematics. Japanese students could learn the three subjects except for engineering at pre-college levels. 
However, only engineering has been one of the unknown subjects at the early levels.  As described above, the 
learning opportunity of engineering education at early levels (Pre-college level) is the most important for 
engineering education and STEM education must play an important role to achieve this purpose.  In this paper, 
the authors focused on PBL and the following engineering design with manufacturing in virtual space. The 
students joining this project were third graders (18 years old) in Kosen (National Colleges of Technology, 
Japan). Japanese colleges of Kosen are composed of students at college level and pre-college one. Third 
graders are at the boarder between the two categories. Therefore, this project was considered as a sort of STEM 
education. Youngsters tend to be excited with the social networking. And in addition to that, all colleges to 
which the students belong are located far apart geographically. Therefore, the introduction of e-learning has 
positive double meanings to achieve our original educational purposes for students’ enthusiasm and distance 
learning. Students from different colleges gathered around on the virtual island, owned by Nagaoka University 
of Technology, and pursued the PBL project with virtual manufacturing for several weeks. The project results 
were discussed from the combined viewpoints of STEM and engineering design and e-learning education. 
 
2. Experimental 
      This project took place in SL on an island owned by Nagaoka University of Technology (NUT) in Japan 
like our former projects. The virtual island has classrooms composed of red chairs, tables, a podium, and 
whiteboards, shown in Fig.1.  In the previous project, we used this virtual classroom. However, the classroom 
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was not used for this new project. The virtual island has the so-called “sandbox”in front of the garden 
(Fig.2), where students can make something by a virtual tool called “Prim”. .For this activity, the students 
carried out the project in the gardenlike sandbox to discuss ideas with each other and to make something 
virtually.  Prim or Primitive is basically a component of objects. The virtual object in Second Life is composed 
of one or plural prim(s). The prim can be shown in different shapes, color, transparency, textures etc. and the 
user freely controls the shape and the attributes shown in Fig.3. 
 
     At the beginning of this project, students and teachers gathered together and confirmed the entire plan for 
the project (Fig.4). Students came from two national colleges of technology, Tsuyama National College of 
Technology (TNCT) and Gifu National College of Technology (GNCT). On the other hand, there were 
teachers from Suzuka National College of Technology in addition to the previous two colleges. As shown in 
Fig.4, each participant joined the virtual island as an avatar appearing as another virtual human being. For the 
first time, they understood the plan of the project and they practiced some functions of Second Life privately 
till the next session. 
Fig.1 Virtual Classroom in Second Life. Fig.2 Sandbox in NUT island. 
Fig.3 Various prims or primitives in Second Life. 
Fig.4 The first session and the Getting-together as avatar. 
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For the second session, they gathered together in the virtual island once again and began the project. Just as a 
PBL class in real life, an ill-structured problem which could not be answered immediately and correctly also by 
teachers was proposed.  In this case, the problem was “design your own eco-cars through virtual discussion and 
make them by prim virtually”. Firstly, students discussed the proposed problem by using microphones and 
sharing sketches with tablets. Each tablet was connected to the PC and their sketches were shown at a common 
website run by NUT. 
     For the third and fourth sessions, they tried to make their eco-cars according to their designs virtually. After 
completing all of the sessions (each of which had a one week interval), the students answered the questionnaire 
offline. A copy of the questionnaire is provided. 
 
Questionnaire (Part 1) 
  
1. Did you enjoy your overall activity? 
     #1: Very much #2: Pretty much #3: Neutral, #4: Not so much 
     #5: Not at all 
2. Did you chat with other colleagues and the teacher effectively? 
     #1: Very much #2: Pretty much #3: Neutral, #4: Not so much 
     #5: Not at all 
3. Did you feel that the discussion was easy? 
     #1: Very much #2: Pretty much #3: Neutral, #4: Not so much 
     #5: Not at all 
4. Did you feel that the sketch making was easy? 
     #1: Very much #2: Pretty much #3: Neutral, #4: Not so much 
     #5: Not at all 
5. Did you feel that the prim making was easy? 
     #1: Very much #2: Pretty much #3: Neutral, #4: Not so much 
     #5: Not at all 
6. What was the most enjoyable? 
     #1: Avatar’s movement #2: Discussion #3: Sketch 
     #4: Prim Making #5: other ( ) 
7. What was the most difficult? 
     #1: Avatar’s movement #2: Discussion #3: Sketch 
     #4: Prim Making #5: other ( ) 
8. Was your teacher friendly to you? 
      #1: Very much #2: Pretty much #3: Neutral, #4: Not so much 
     #5: Not at all 
9. Do you want to join such a project again in the future? 
     #1: Very much #2: Pretty much #3: Neutral, #4: Not so much 
     #5: Not at all 
10. Please write your impressions, ideas, etc. freely. 
 
     There was a three week interval (since the students had the periodic exams and the teachers had the duties 
for entrance examinations in those several weeks) before the final session was held on the virtual island. Then 
the students freely shared their impressions, ideas etc. on the virtual island. This session was actually an oral 
version for question 10 in the offline questionnaire. 
     The students’ discussion for the PBL project was controlled by a student whom teachers appointed as chair 
person. He led and guided the discussion among participants very well, and as a result, it was an effective PBL 
activity. 
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3. Results and discussion 
 
     As described above,  all of the participants (composed of teachers and students) gathered together on the 
virtual island of NUT for the first session and confirmed the PBL procedure together. Then the teachers 
proposed the problem mentioned above. One week later, the students were back on the island for their second 
session.  The chairperson as avatar led all members for the discussion effectively. First of all, they tried to 
decide the eco car design, drawing free sketches on their tablets. The drawing processes were reflected at a 
common website and the results were shared with all members. Fig. 5 shows the change and course for their 
discussion reflected on the web. The figures show that new ideas appeared one by one through virtual 
brainstorming. At the beginning stage of the discussion, there were only two ideas where wind power would be 
utilized. However, some ideas were mixed (e.g. wind power plus solar energy) and finally four ideas appeared. 
     While they drew their various sketches for eco-car models, they continued their discussion by using the 
voice chat function of Second Life as shown in Fig.6. 
For the third and fourth session in two weeks, their process 
changed from designing to virtual manufacturing. At first they 
discussed how to merge their several ideas into one. However, 
they considered it difficult and inefficient.  Finally they decided 
to  make several virtual prototypes according to their design. 
Fig.7 shows the process for the virtual manufacturing and 
completed products. Students showed their high level skills for 
the manufacturing by using primitives. The students’ activities 
impressed the teachers very much. 
       A series of graphs in Fig.8 show the results for the offline 
questionnaire. The result of question 1 shows that all participants 
enjoyed the project (Fig.8-1).  However, the answers for 
Fig. 5 The designs for eco-car projects students drew on their tablets. 
Fig.6 Virtual discussion. 
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questions 2 and 3 differed from person to person. This 
suggests that the way of communication was not always appropriate and enough  for their discussions (Fig.8-2 , 
Fig.8-3). Also for the use of the Tablet, they didn’t feel it was so easy according to Fig.8-4, even though they 
drew sketches pretty well. Fig.8-5 indicates that only one person felt prim making was easy. The other answers 
were negative. However, the results for questions 5, 6, and 7 depended on the person (Fig.8-5, Fig.8-6 and 
Fig.8-7). The results suggest that none of the special items caused serious problems. In our previous study, the 
tablet caused problems so the participants’ answers were concentrated on that item. Such a problem seems to be 
solved. As for question 8, all students’ answers were positive in one voice (Fig.8-8). And Fig.8-9 shows they 
wanted to join this virtual project in the future once again. The results suggest that this project could bring 
young participants a joyful opportunity for engineering education. It shows the current project could be useful 
for STEM education where students could learn and experience the basic concept for engineering, while they 
were enjoying the activity. 
 
 
     At the final session, participants composed of students and teachers joined together once again. They freely 
discussed and shared their impressions. According to their impressions, they had several unexpected points to 
make. In this project, the way of communication was changed from chatting based on text messages to the oral 
communication by using microphones and headsets. Objectively, the communication method would have been 
improved drastically. It might be true that the communication was improved this time. However, the 
Fig.7 Prim making in the virtual island. 
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participants were not always satisfied with the current situation. Most of the participants wanted to have better 
communication methods to solve the problem. They feel that if they had something for that, they could have 
achieved much more. Most of the participants felt this way. One of the students actually proposed that Skype or 
other similar communication ways could be used together with Second Life to make the project much more 
effective. On the other hand, one of the other members proposed that a science fair be held in Second Life in 
the future. Such a proposal might lead to better STEM education where youngsters would go through the 
exciting problem solving opportunity. At any rate, it was true that this project could be one of the powerful 
education tools with the combination of STEM and PBL.  We hope that the communication method used in a 
virtual PBL class will be improved for more effective outcomes. 
 
4. Conclusions  
     Four national colleges’ students from 
two different colleges pursued a virtual 
PBL class in Second Life. The students 
were 18 years old and at the precollege 
level.  They tried to solve the problem 
proposed by teachers through oral 
discussion by using microphones and 
headsets in virtual reality. The problem 
was “design your own eco-cars through 
virtual discussion and make them by prim 
virtually”. Students drew sketches on 
tablets, and according to their designs, 
they produced prototypes by using 
primitives. The students’ communication 
rate and contents were improved from 
those in previous studies where 
participants exchanged text messages for 
their communication. However, they felt 
that they could use other forms of 
communication like Skype combined with Second Life. The project was very enjoyable for the students. From 
this viewpoint, it could be a powerful educational tool for STEM. Since the virtual PBL class in Second Life 
Fig.8 The results of analyses for the questionnaire. 
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seems to have many possibilities for the future, we expect that the PBL class will be modified and improved in 
the future. 
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